Background: Presumptive treatment of malaria is common practice in malaria endemic resource-limited settings. With the changing epidemiology of malaria and the introduction of artemisinin-based combination therapy (ACT), there is increasing need for parasite-based malaria case management to prevent unnecessary use of anti-malarial medicines, improve patient care in parasite-positive patients and identify parasite-negative patients in whom another diagnosis must be sought. Although parasitological confirmation by microscopy or alternatively by malaria rapid diagnostic tests (RDTs) is recommended in all patients suspected of malaria before treatment, gaps remain in the implementation of this policy in resource-limited settings. There is need to evaluate the use of RDTs among highly active anti-retroviral therapy (HAART)-treated people living with HIV (PLHIV).
Background
Presumptive treatment of malaria is common practice among individuals presenting with fever in malaria endemic settings including people living with HIV/AIDS (PLHIV) [1] [2] [3] . With the changing epidemiology of malaria and the introduction of artemisinin-based combination therapy (ACT), there is increasing need for parasite-based malaria case management as a strategy to prevent unnecessary use of anti-malarials, improve patient care in parasite-positive patients and identify parasite-negative patients in whom another diagnosis must be sought [4] . Although prompt parasitological confirmation by microscopy or alternatively by malaria rapid diagnostic tests (RDTs) is recommended in all patients suspected of malaria before treatment, gaps remain in the implementation of this policy in resourcelimited settings [1, 5, 6] .
HIV-1 infection has been associated with an increased incidence of malaria, and more severe disease [3, [7] [8] [9] . However, a combination of co-trimoxazole, anti-retroviral therapy, and insecticide-treated bed nets substantially reduced the frequency of malaria in adults with HIV in a rural malaria endemic community [2, 8] . There is need to evaluate the use of RDTs among highly active anti-retroviral therapy (HAART)-treated HIV-infected individuals. RDTs have been shown to be over 95% sensitive in detecting Plasmodium falciparum antigenaemia [5, 10] , even in HIV/AIDS rural populations [11, 12] . The aim of this study was to determine the prevalence of asymptomatic malaria among HAART-treated patients in an urban malaria meso-endemic setting. The findings emphasize, to HIV/ AIDS clinicians, the utility of parasitological-based diagnosis versus presumptive treatment of malaria within HIV treatment programs in sub-Saharan Africa (SSA). This study contributes to the understanding of the potential utility of malaria diagnosis including RDTs among PLHIV in the region.
Methods

Study setting and participants
Between April, 2004 and April, 2005, 559 consecutive HAART-naïve HIV-infected adults, were initiated on HAART and enrolled into a prospective observational research cohort as previously described [13] Patients with toxicity to ZDV were changed to tenofovir [TDF]. All patients received cotrimoxazole (or dapsone) prophylaxis according to the national policy to provide cotrimoxazole to all PLHIV. Adherence to HAART was encouraged by at least three individual and group counseling sessions. Patients were reviewed monthly by the study physicians that evaluated among others; adherence to medication, toxicities and acute infections. HIV RNA viral loads, complete blood counts and CD4 counts were measured at six monthly intervals. In addition to cotrimoxazole prophylaxis, all patients receive insecticide-treated bed nets (ITNs) and malaria prevention education as well as prompt treatment of fever symptoms at the study clinic. The patients do not use home-based anti-malarial therapy however they are encouraged to call and/or walk to the study clinic whenever ill. Anti-malarial prescriptions are based on both clinical and microscopy findings and RDTs are not used routinely.
After four years of follow up on HAART, 252/559 (45%) patients had sustained HIV-RNA viral suppression defined as HIV-RNA levels < 400 copies/ml within the four years of anti-retroviral therapy. Of these, 41 were excluded due to the following reasons; death (n = 25), lost to follow-up (n = 5), voluntary request to transfer to and voluntary termination from the study (n = 11). Of the remaining 211 patients with chronic HIV infection successfully suppressed on HAART, 128 patients were selected by systematic random sampling (see Figure 1 ). Every other patient was selected from the register of patients with sustained HIV-RNA viral suppression plus an additional 20% to cater for non-response and loss to follow up. All study participants provided written informed consented and the study was approved by the Uganda National Council For Science and Technology (UNCST).
In a cross-sectional study to evaluate the prevalence of asymptomatic malaria among HAART-treated patients, an RDT was performed for each participant using the P. falciparum immuno-chromatographic test (ICT); that detects the P. falciparum-specific antigen, histidine-rich protein-2 (HRP-2 
Laboratory activities
Participants underwent aseptic venipuncture for collection of 3-5 ml of EDTA-anticoagulated whole blood. The haemoglobin level, total white blood cell count and differential counts and the malaria RDTs were performed within 4-6 hrs of sample collection. A drop (5 μl) of whole blood was dropped into the smaller well at one end of the cassette. Five (5) drops of clearing buffer were dropped into the other well. Results were reported within 15 minutes after adding buffer. Appearance of the control band showed that the blood had migrated along the test strip membrane correctly (negative control). A RDT result was interpreted as positive when both the test line and control line showed pink, negative when only the control line showed pink or invalid when the control line did not appear regardless of the test line.
Thick film microscopy was performed, by a trained laboratory technologist, for all the positive HRP2 RDT results. Blood smears were stained with 10% Giemsa for 30 minutes. Thick smears were examined for parasites including gametocytes and parasite densities were determined by counting the number of asexual parasites per 200 white blood cells (WBC), or per 500 WBC if the parasite count was less than 10 parasites per 200 WBC, assuming a WBC count of 8,000/μl. Microscopy was not performed for negative RDT results considering the high specificity of HRP-2 tests in similar settings [12] and the fact that the participants did not have symptoms of malaria illness. Positive thick film results were defined by the presence of one or more confirmed malaria parasite. Participants with positive RDT results were not given anti-malarial drugs considering that they had no symptoms of illness plus the fact that it is not a national policy to treat asymptomatic P. falciparum infection. However, these patients were followed up weekly for the first month and monthly for the next five months to determine if they developed signs and symptoms of malaria infection.
Results
Majority, 94/128 (73%) of the patients were female and the median age was 38 [Interquartile range (IQR), 33-44] years. After four years of HAART with sustained viral suppression, the median CD4 count was 327 (IQR, 247-454) cells/μL. Haematological parameters (haemoglobin, total white cell count and differential counts) were within the normal ranges (see Table 1 ). Of the 128 patients tested with an RDT, only 5 (4%) had P. falciparum antigenaemia. All the patients reported no history of anti-malarial medication within the two months preceding this study. Thick films for patients with positive RDT results showed malaria parasites densities ranging from 02-15 malaria parasites per high power field (hpf) ( Table 2) . None of the patients with positive RDT results reported signs and symptoms of malaria infection during the subsequent six months.
Discussion
This study showed a low prevalence (4%) of asymptomatic P. falciparum parasitemia among HAART-treated patients with sustained HIV-RNA viral suppression. [14] . It is important to note that the latter result is not directly comparable with the current study among HAART & cotrimoxazole-treated adults however it is one of the indicators of malaria endemicity in this urban setting. The findings of this study are consistent with previous reports of low prevalence of malaria infections among successfully treated HIV-infected adults [2, 8, 15] . All the study participants had received ongoing cotimoxazole prophylaxis, ITNs and malaria prevention education as recommended by the HIV/AIDS treatment guidelines [16] . Results from this study imply that although HIVinfected individuals were previously considered among the special risk groups for malaria infections [3, 4] , there is need to re-evaluate the risk of malaria infection after long-term successful HAART. The authors recommend parasite-based diagnosis of malaria in similar settings in order to avoid over-prescription of anti-malarial medicines. However, the choice between RDTs and microscopy to implement this depends on local circumstances that include the skills available, patient load, epidemiology of malaria and the possible use of microscopy for the diagnosis of other diseases.
The use of the simple rapid tests to detect malaria antigenaemia among PLHIV emphasizes the utility of RDTs in parasite-based malaria diagnosis (PMD) in this population. The findings of this study will contribute to the implementation of RDTs for PMD among PLHIV in areas where microscopy is not accessible [4] . Moreover, use of RDT results to guide anti-malarial therapy is likely to reduce anti-malarial drug costs due to overprescription [6, 17] . With the introduction of artemesinin-based combination therapy (ACT) [18] coupled with the high pill burden among HIV-infected individuals on HAART, cotrimoxazole and treatment for other co-morbidities, presumptive treatment of malaria is increasingly becoming clinically and economically inappropriate [1] . With the declining incidence of malaria in Africa [1] , plus the results from this study, there is need to scale up parasite-based malaria diagnosis in successfully treated HIV-infected adults in areas of low to moderate stable malaria transmission. Similarly, there is need to evaluate the utility of RDTs among successfully treated HIV-infected adults with febrile illnesses.
During follow up, none of the patients with asymptomatic parasitaemia reported development of clinical signs and symptoms of malaria infection during the subsequent six months. It is of interest to note that HIVinfected adults did not develop clinical symptoms of malaria despite the increased risk of malaria infections associated with the HIV-associated immune suppression [3, 4, 19] . The authors attribute this result partly to the fact that the parasite densities were low since the development of clinical symptoms correlates positively with parasite densities [20] . It is also possible that long-term HAART restores the hosts' ability to control the infection. Similarly, the authors postulate that long-term cotrimoxazole prophylaxis could contribute to the hosts' response to the asymptomatic P. falciparum parasitaemia. However, there is need to study the recovery of the host's immunological responses to P. falciparum infection among PLHIV in the setting of long-term HAART and cotrimoxazole prophylaxis.
Conclusion
In an urban area of low to moderate stable malaria transmission, there was low HRP2 P. falciparum antigenaemia among PLHIV after long-term successful HAART and cotrimoxazole prophylaxis. Parasite-based malaria diagnosis (PMD) is recommended among PLHIV that are on successful long-term anti-retroviral therapy. RDTs should be utilized to expand the use of PMD in similar settings where microscopy is unavailable.
